[1] We examine a substorm expansion on 21 June 2007, which occurred <2 min after a solar wind discontinuity accompanied by a dynamic pressure (P d ) increase impinged on the magnetopause. To investigate how the perturbation due to such P d increase propagates in the magnetosphere and what the timing analysis may imply about how this type of substorms is triggered, we utilize a large number of in situ magnetic field and plasma observations, a remote sensing of auroral brightening, and ground-based magnetic field observations. The timing analysis shows that the front of a compression-associated sudden impulse can reach the substorm expansion onset site (dawnside near-Earth plasma sheet) at the substorm onset time. The onset site and time are determined from aurora images displaying aurora expansion, energetic electron data at geosynchronous orbit showing dispersed injection, and geomagnetic field data at high latitudes showing negative bays in the H component. Our 2-D calculations of the fast-mode propagation also demonstrate the arrival of the wavefront at the onset site and time. We suggest that for the class of substorms triggered by solar wind P d increases, the triggering could occur within as short as 2 min after a P d increase impinges on the magnetopause, consistent with the time needed for the sudden impulse wavefront to propagate inside the magnetosphere from the dayside magnetopause to the magnetotail. 
Introduction
[2] Sudden changes in the solar wind affect field and plasma phenomena in the magnetosphere and in the ionosphere [e.g., Nishida, 1978] . Although it is still a controversial issue whether a substorm is triggered externally by the sudden solar wind changes [e.g., Aubry and McPherron, 1971; Burch, 1972; McPherron et al., 1986; Lyons, 1996] or internally by instabilities produced spontaneously in the plasma sheet [e.g., Horwitz, 1985; McPherron et al., 1986; Henderson et al., 1996] , the major quantity responsible for the substorm triggering, in the concept of the external triggering, is the interplanetary magnetic field (IMF). Northward turning of IMF is one of the most significant changes [e.g., Foster et al., 1971; Pellinen et al., 1982; Rostoker, 1983] . On the other hand, a sudden increase in solar wind dynamic pressure (P d ) has been also considered to be another trigger of substorms [Burch, 1972; Kokubun et al., 1977; Iyemori and Tsunomura, 1983; Zhou and Tsurutani, 2001; Liou et al., 2003; Lyons et al., 2005; Meurant et al., 2005] . Statistical studies by Liou et al. [2003] using global auroral imaging indicate that the probability is low. Lyons et al. [2005] found that a P d increase causes a substorm under steady, strongly southward IMF conditions.
[3] Concerning the substorm triggering by a P d increase, most studies identified the magnetospheric compression from a sudden enhancement in the H component of the geomagnetic field or/and in the Z component of the magnetic field in the inner magnetosphere, which is frequently termed a sudden impulse (SI) and is a consequence of the arrival of fast-mode waves excited at the magnetopause by the P d increase. In order to identify the P d effect, however, it is necessary to follow the propagation of the SI front inside the magnetosphere toward the magnetotail. In fact, the time differences between the SI onset and the substorm onset vary among substorms. Iyemori and Tsunomura [1983] showed the distribution of time differences between the SI onset on the ground and Pi2 onset; they range from a few min to 20 min and peak at 9 min. Even recent studies assumed (or sometimes did not consider) the time differences and did not take into account the SI propagation inside the magnetosphere. This is partly because enough multipoint observations in the magnetosphere have not been available.
[4] On 21 June 2007, a substorm occurred <2 min after a discontinuity accompanied by a P d increase arrived at the dayside magnetopause. In this paper, in order to investigate how this type of substorms is triggered, we estimate the propagation of the observed SIs in the magnetosphere, determine arrival time of the SI front at the plasma sheet, and compare it with substorm onset time. The estimate of the SI propagation is made with data from the GOES spacecraft and the Time History of Events and Macroscale Interactions During Substorms (THEMIS) spacecraft [Angelopoulos, 2008] . We also conduct 2-D calculations of the fast-mode propagation in the magnetic equatorial plane. The estimate of the substorm onset time is based on aurora brightening observed by the Polar spacecraft, dispersed electron injection observed by the Los Alamos National Laboratory (LANL) satellites, and geomagnetic negative bays at high latitudes. The comparison between the arrival time of the SI front and the substorm onset time suggests that the examined substorm expansion was triggered when the SI front reached the nearEarth plasma sheet.
Data Set
[5] Table 1 lists positions of the spacecraft used in the present study. Figure 1 shows the positions, except for Wind and Polar, in the XY and XZ planes in GSM coordinates. As a solar wind monitor, we use the WIND Magnetic Field Investigation (MFI) [Lepping et al., 1995] and the WIND 3-D Plasma and Energetic Particle Investigation [Lin et al., 1995] .
[6] For solar wind observations in the magnetosheath, we use 4-s magnetic field data obtained by the Magnetic Field Investigation (FGM) instrument onboard Double Star Programme Tan Ce 1 (DSP/TC1) [Carr et al., 2005 ] and 4-s magnetic field data obtained by the FluxGate Magnetometer (FGM) instrument [Balogh et al., 2001] and plasma moment data by the Hot Ion Analyzer (HIA) [Rème et al., 2001] onboard the Cluster spacecraft. [7] For observations in the magnetosphere, we use 0.512-s magnetic field data from the GOES 10, 11, and 12 spacecraft on the dawn side and 3-s spin-fit magnetic field data obtained by the Fluxgate Magnetometer (FGM) [Auster et al., 2008] onboard THEMIS on the dusk side. The Synchronous Orbit Particle Analyzer (SOPA) [Belian et al., 1992] onboard LANL measures electrons with energies of 50 keV to 26 MeV. We use 10-s electron data from three LANL satellites: 1989-046, 1994-084, and LANL-97A. The Ultraviolet Imager (UVI) [Torr et al., 1995] onboard Polar provides aurora images in the far ultraviolet wavelength range (130 -190 nm) every 37 s with an angular resolution of 0.036°.
[8] We use geomagnetic fields measured at College International Geophysical Observatory (CIGO, 65.1°magnetic latitude (MLAT)) and Eagle (EAG, 66.4°MLAT) in the Geophysical Institute Magnetometer Array (GIMA) in [Russell et al., 2008] . 1130-1200 UT. Wind observed a sudden increase in P d by a factor of $2 which started at 1141:20 UT. The IMF was changed simultaneously. B y (B z ) was dominant prior to (after) the change. While B z was positive on both sides of the change, it was negative at $1018 -1110 UT.
[10] DSP/TC1 and Cluster observed a sudden change in the magnetic field in the magnetosheath, as shown in Figure 2c . The magnetic field observations by DSP/TC1 (Figure 2c (top) ) show an increase in the magnetic field strength (jBj) at $1245:10 UT followed by its decrease to the level lower than the preincreased level at 1246 -1247 UT. B y decreased at $1245:10 UT, followed by its increase at 1246 -1247 UT. Cluster also observed a similar structure. jBj increased at $1248:30 UT and decreased between 1250 and 1251 UT Figure 2c (top middle). B y at Cluster 1 shows a decrease at $1248:30 UT followed by an increase at 1250-1251 UT (Figure 2c (bottom middle)) . B y at the other Cluster probes has a quite similar profile (not shown here). Compared with the jBj and B y observations by Wind (Figure 2b ), the jBj decrease and B y increase seen at DSP/ TC1 and Cluster correspond to the passage of the discontinuity. The jBj increase and B y decrease ahead of the discontinuity, on the other hand, can be seen only in the magnetosheath, is probably due to the passage of the forward fast shock generated at the bow shock through the interactions between the P d increase discontinuity and the bow shock [Keika et al., 2009] ; a similar case of the interactions is reported by Maynard et al. [2008] . P d at Cluster 1 increased at 1248:30 and 1250:50 UT.
Sudden Impulses in the Magnetosphere
[11] Figure 3 plots the SYM-H index [Iyemori, 1990] and magnetic field variations in the magnetosphere observed by GOES and THEMIS between 1235 and 1305 UT. GOES 10 and 12 observed SIs at 1245:50 and 1245:53 UT on the morning side, respectively, and GOES 11 detected an SI starting near 1246:30 UT at 0342 MLT. The 1-min SYM-H index showed a sudden increase by 8 nT within 3 min. THEMIS A on the dusk side observed a sudden decrease in B z down to $0 nT at 1246:50 UT, indicating that THEMIS A crossed the magnetopause into the magnetosheath. The crossing is due to the inward motion of the magnetopause caused by a P d increase in the fast forward shock. In fact, THEMIS A detected solar wind ions at 1247 UT and observed the discontinuity at about 1250 UT (not shown here). THEMIS E and B observed SIs starting at 1246:20 and 1246:50 UT, respectively. The profile, which is different from B z observed by GOES, may be associated with the interactions of the solar wind discontinuity with the bow shock and/or a result of a quasi-static change of the magnetopause position, because THEMIS B and E are located only 1 -2 R E away from the magnetopause.
Substorm Activity
[12] Figure Intense brightening occurred at 1246 -1247 UT, followed by poleward expansion which continued until $1252 UT. This major intensification was centered at $2300 MLT.
[13] Figure 5 is a sequence of auroral images in an MLT-MLAT grid from 1243:28 to 1250:49 UT. The images confirm that the major auroral intensification was centered at $2300 MLT and that two localized small brightening preceding the auroral expansion are concentrated at different local time from the major intensification. We believe that the localized brightening is not related to the substorm activity.
[14] A gradual small increase in auroral brightening can be seen in a wide range of MLT in the images for 1245:18 -1245:55 and 1245:55 -1246:32 UT. A closer look at auroral intensity during the intervals suggests that the gradual increase is a phenomenon different from the substorm, as discussed below. Figure 6 is a line plot of auroral intensity per MLT bin for different MLT sectors. Green, red, and blue lines indicate the intensity per MLT bin for 2100 -2236 (Sector A), 2236-2400 (Sector B), and 0000 -0136 MLT (Sector C) sectors, respectively, and a black solid line shows the intensity per MLT bin for 2100 -0300 MLT. Dotted and dashed vertical lines are drawn at 1245:18 and 1246:32 UT, respectively. Auroral intensity starts increasing at the dotted line for all sectors. However, when we compare intensity increases between 1245:18 and 1246:32 UT (Interval X: between dashed and dotted lines) and between 1246:32 and 1248:22 UT (Interval Y: after the dashed line), we can see a clear difference in the increase rate. The intensity shows similar gradual increases for all three sectors for Interval X, while for Interval Y an increase in Sector B is much larger than that in Sector A and C. The dominant part of the major intensification is seen only in Sector B. The increase rate is 1.2 ($73/63), 1.8 ($58/33), and 1.4 ($69/51) for Sector A, B, and C, respectively, for Interval X. It is 1.4 ($100/73), 2.8 ($162/58), and 1.5 ($100/69) for Sector A, B, and C, respectively, for Interval Y. The time profiles of auroral intensity suggest that the gradual increase in Interval X is not related to substorm-associated auroral intensification in Interval Y. If the gradual increase in Interval X was due to the triggered substorm to be expanded, the auroral intensity in Interval Y would increase at all or at least two sectors by similar rates. Therefore we conclude that the gradual intensity increase is a phenomenon different from the substorm-related brightening. The gradual intensity increase is probably associated with the magnetospheric compression, because the increase occurred in a wide range of MLT (Sectors A, B, and C). Geomagnetic field variations at high and middle latitudes support this interpretation, as discussed below.
[15] Figure 7 shows the horizontal component of the ground magnetic field at high and middle latitudes on the dawn side. Dotted and dashed vertical lines are drawn at 1245:18 and 1246:32 UT, respectively, as in Figure 6 . At high-latitude stations such as RABB, GILL, and ISLL, clear wave forms starting with positive pulses at about 1246 UT are seen. The positive pulses are followed by negative pulses, being consistent with the DP field of a model of the magnetospheric response to a sudden increase of the solar wind dynamic pressure [Araki, 1994] . In the model, the DP field, caused by induced field-aligned currents and ionospheric currents, consists of positive-negative pulses in the high-latitude geomagnetic field on the morning side and negative-positive pulses on the evening side. A middlelatitude station, CCNV, saw a stepwise increase starting at about 1246 UT. The increase is consistent with the DL field of the model by Araki [1994] . The DL field corresponds to magnetic field disturbances caused by enhanced magnetopause currents. At PINE and HOTS, 5 -10°higher in latitudes, a gradual increase with pulsations can be seen. This is likely explained by a superposition of the DL and DP fields (i.e., a stepwise increase seen at middle-low latitudes and a negative excursion with pulsations seen at high latitudes). The onset time of the clearly visible effects of the magnetospheric compression is difficult to be identified, because small field fluctuations exist prior to 1246 UT since 1243 UT or earlier. However, we can say that the onset occurred between 1245:18 and 1246:32 UT. This supports the idea that the gradual increase in auroral intensity at 1245:18 -1246:32 UT is associated with the magnetospheric compression.
[16] Figure 8a plots energetic electron flux observed by SOPA onboard LANL 1989-046 and 1994-084. Both spacecraft saw dispersed electron injection; it is more dispersed at 1994-084 located at 0936 MLT than at 1989-046 at 0248 MLT. LANL 97A did not see clear electron injections at $2206 MLT (not shown here). We estimate onset UT and MLT of the injection, assuming that the dispersion results from the azimuthal gradient B drift under a constant magnetic field. Since the speed of the gradient B drift is proportional to the energy of the electrons, the inverse of the energy (1/W) is proportional to the time required for the injected electrons to reach a spacecraft position. Figure 8b shows 1/W as a function of time for an injection local onset and a flux peak at LANL/ 1989-046 and a flux peak at LANL/1994-084. The dashed lines present regression lines determined by least squares fits. We estimate the injection onset UT to be 1248:20 UT, taking the intersection between the 1/W = 0 line and the regression line for the local onset at LANL/1989-046. We also estimate the azimuthal drift speed to be 0.23 MLT/h/keV on average, using the times of flux peaks for each energy range. The estimated onset UT and drift speed give onset MLT, which is calculated to be 0112 MLT on average.
[17] Figure 8c shows the geomagnetic field variations from high-latitude night side stations between 1235 and 1335 UT. Negative bays in the H component of the geomagnetic field are observed in auroral regions. They started near 1248 UT and the amplitude was maximized at 0136 MLT.
[18] We see a discrepancy in the substorm onset MLT between auroral images and our estimates from electron injections. We attribute the discrepancy to the B y -dominant IMF. The IMF was directed northward and dawnward before the discontinuity impinged on the magnetosphere, dominated by the dawnward component: B y $ À8 nT and B z $ 3 nT. Statistics of auroral features seen by global imaging in the conjugate hemisphere [Østgaard et al., 2005, 2007] showed dawn-dusk displacement of auroral onset locations. An auroral onset in the Southern Hemisphere is located dawnward of that in the Northern Hemisphere when IMF clock angle is 270°± 60°, where the clock angle is defined as the counterclockwise angle around the X axis with respect to the northward direction. For the examined event, since the clock angle is $280°, the relative displacement would have occurred. We believe that the electrons injected around 0100-0200 MLT precipitated into the Southern Hemisphere at $2300 MLT along the twisted field line. The multipoint observations of the SIs on the dawn and dusk sides enable us to estimate the propagation speed and normal of the SI front. Using three spacecraft on the dayside, GOES 10, GOES 12, and THEMIS B, we estimated the speed and normal in the X-Y plane in GSM coordinates to be 8 = 138°and 850 km/s, where 8 is the longitude in GSM coordinates. Using these values, we estimate the front arrival time at GOES 11 under the assumption that the normal and speed are constant throughout the propagation toward the magnetotail. The estimated arrival time is 1246:32 UT, which is almost consistent with the time of the SI observation by GOES 11, although it is difficult to accurately determine its onset time on the second time scale.
[20] Figure 9a summarizes the estimate along with the observations addressed in section 3.2 and the estimates of the auroral expansion and injection onset time shown in section 3.3. Dotted straight lines represent the SI front estimated from the observations on the dayside. Solid curved lines are illustrations of the SI front propagation; a decrease in the fast-mode velocity in the plasmasphere is taken into account. The dashed-dotted line represents the electron injection onset MLT estimated in section 3.3. The SI front generated at the dayside magnetopause was at GOES 11 at 1246:32 UT, while it can reach the dawnside plasma sheet, (X, Y) $ (À9, À5) R E , at 1247:08 UT, if we assume the front normal and speed are constant.
Calculations
[21] We examine the propagation of the SIs with the help of 2-D calculations of the fast-mode propagation in the magnetic equatorial plane. The calculation algorithm is developed by Chi et al. [2007] . The wavefront movement of the propagation follows the Huygens' principle. The algorithm allows us to define the shape of the initial wavefront and track the wavefront movement in the equatorial plane. The duration of each time step is 1 s. We focus on the fast-mode speed in the magnetosphere on the basis of the following quantities. For the magnetic field, we use a model by Tsyganenko [1989] and a magnetopause model by Shue et al. [1998] . For the mass density, we use: n [kg cm ] = 0.6/(1 À exp(Àr/12))m for the plasma sheet, where r is the radial distance in R E and m is proton mass; and the plasmapause is set at 5.52 R E , as estimated by the empirical model of Carpenter and Anderson [1992] . The temperature is (2000 À 1000 cos 8)/(1 À 0.5 exp(Àr/12)) eV, where 8 is the angle from the direction of local noon. The density and temperature between two connecting regions are smoothed by a tanh function.
[22] Figure 9b displays results of the 2-D calculations initiated with the source wavefront that is 45°inclined toward dusk. Color contours represent fast-mode speeds. The white curve lines are the estimated wavefront; the lines are drawn every 5 s and thick lines every 20 s. Positions of GOES 10, 11, and 12 and THEMIS B are embedded in Figure 9b . The calculations are successful in explaining earlier arrival at GOES 11 than at THEMIS B. The mean propagation speed is calculated to be 903 km/s from GOES 12 to GOES 11, being in a good agreement with that estimated from the multipoint observations of the SIs. Aurora expansion onset identified by the Polar/UVI observations (see section 3.3) was 0 -37 s later than the SI observation by GOES 11. The calculated wavefront can reach the dawnside near-Earth plasma sheet at (X, Y) $ (À9, À5) R E by the time of auroral expansion onset, as indicated by the solid line.
Discussion
[23] We examined a substorm expansion on 21 June 2007, which occurred <2 min after a solar wind discontinuity accompanied by a P d increase arrived at the dayside magnetopause. We used a large number of in situ observations of SIs, a set of auroral imaging, and geomagnetic field measurements. The multipoint observations enabled us to estimate arrival time of the SI front at the plasma sheet and compare it with onset time of the substorm expansion. We calculated propagation speed and normal of the SI front to be 8 = 138°a nd 850 km/s. We estimated onset MLT to be 1.2-1.6 h from the observations of dispersed electron injection and negative bays of the geomagnetic field. This indicates that the substorm expansion onset occurred in the dawnside plasma sheet. Auroral images showed the auroral expansion starting at a window of 1246:32-1247:08 UT. The SI front can reach the dawnside plasma sheet, (X, Y) $ (À9, À5) R E at the auroral expansion onset, if we assume that the front normal and speed are constant. Although the speed becomes slow in the plasmasphere because of a decrease in the Alfvén speed due to the higher density and therefore the SI front is deformed, the assumption is valid enough for the following two reasons. The SI observations used in this study were made outside of the plasmasphere. The averaged normal propagation speed derived from our 2-D calculations of the fast-mode propagation was in good agreement: 902 km/s. In the calculations, the SI front can reach the dawnside plasma sheet at the time corresponding to 1247:08 UT. Thus, we conclude that the substorm expansion was triggered by the arrival of the SI front propagating from the dayside magnetopause.
[24] We propose that the inductive dawnward electric field on the SI front is a possible candidate to trigger the substorm expansion examined in the present study. When a solar wind discontinuity suddenly compresses the dayside magnetosphere, the dawnward electric field is induced on the SI front [cf., Araki, 1994] . Such an inductive electric field was detected in the plasma sheet by Cluster located at X = À19 R E at the time of magnetospheric compression on 24 August 2005 [Keika et al., 2008] . Although detailed physical processes remain unrevealed, our suggestion is reasonable at least qualitatively because the sudden increase of the dawnward electric field in the plasma sheet has the same characteristics as a reduction in the duskward convection electric field at the time of a northward turning of the IMF which has been believed to be one of the major triggers [e.g., Lyons et al., 2003] . The inductive dawnward electric field, which is related to dynamic motion of the dayside magnetopause, could be one of the important fields to substorm triggering.
[25] The present analysis has only considered propagation in the magnetic equatorial plane through the plasma sheet. An SI front, however, can propagate faster in the lobe than in the plasma sheet, because the fast-mode speed is faster in the lobe than in the plasma sheet. In fact, Sugiura et al. [1968] demonstrated that the SI front on 8 July 1966, which was estimated to be 20°inclined toward dusk, took 1.5 -2 min to reach OGO-3 located in the lobe on the dusk side at (X, Y, Z) GSM = (À10.10, 10.27, 11.55) R E from the dayside magnetopause. The SI front of the present event could have passed through the near-Earth plasma sheet earlier and arrived further tailward at the substorm expansion onset. These characteristics support our conclusions qualitatively.
[26] A large number of studies have examined and discussed substorm triggering by compression of the whole magnetotail [e.g., Lyons et al., 2005; Hubert et al., 2006] . The lateral compression of the magnetotail is one of the probable candidates to trigger substorms. Several studies have reported that disturbances associated with the lateral compression characterize the SIs in the lobe [Kawano et al., 1992; Collier et al., 1998; Kim et al., 2004; Huttunen et al., 2005] . The substorm expansion examined in the present study was, however, not triggered by the lateral compression. Cluster in the dawnside magnetosheath at X $ À5 R E observed a P d increase at 1248:30 UT or later. This strongly suggests that the magnetotail was not yet compressed at the substorm expansion onset (earlier than 1248 UT). In addition, the Open Geospace General Circulation Model (OpenGGCM) demonstrated that the magnetic field in the lobe adjacent to the plasma sheet increases about 10 min after the solar wind discontinuity impinges on the dayside magnetopause (not shown here).
[27] Whether a substorm is triggered by the magnetospheric compression or not has been believed to depend on preconditions in the magnetotail, in particular in the plasma sheet, as discussed in the studies using global aurora images [e.g., Lyons et al., 2005; Meurant et al., 2005] . For the present event, the plasma sheet could have been in a preferable condition to the triggering of the substorm expansion. In fact, from Wind observations shown in Figure 2a , IMF B z was negative for about 50 min until $1110 UT (until $30 min prior to the arrival of the discontinuity for both cases) and dominated at $1030 -$1050 UT.
[28] Wind observations showed a decrease in the magnitude of B y (jB y j) associated with the P d increase across the discontinuity (see Figure 2b) . The jB y j decrease has a potential to reduce the convection electric field in the magnetosphere. However, for the present event, the jB y j decrease is unlikely to be responsible for the electric field reduction and the substorm triggering. We explain our interpretations in detail below.
[29] The magnetic field at DSP/TC1 in the dayside magnetosheath (Figure 2c (top) ) shows that jB y j increases at 1245:10 UT and decreases at 1246:10 UT. The increase is probably related to the fast shock generated at the bow shock through interactions between the discontinuity and the bow shock, and the decrease took place at the discontinuity [Keika et al., 2009] . Cluster 1 observations (Figure 2c (bottom middle and bottom)) show similar profiles of the magnetic field and an increase in dynamic pressure at both the fast shock ($1248 UT) and the discontinuity ($1250 UT). The observations suggest that the dynamic pressure increases at both 1245:10 and 1246:10 UT at DSP/TC1. GOES 10 and 12 in the dayside magnetosphere saw the SI onset at 1245:50 and 1245:53 UT, respectively. The SI onset took place after the fast shock arrived at DSP/TC1 and before the discontinuity reached DSP/TC1. Therefore, the SI onset results from the impact of the fast shock which involves a jB y j increase. A MHD simulation by Maynard et al. [2008] has showed the initiation of the magnetopause motion determined by the arrival of the fast shock generated through interactions between a pressure increase discontinuity and the bow shock.
[30] The jB y j decrease across the discontinuity is considered to reach the dayside magnetopause soon after 1246:10 UT. The auroral onset time was within an observation bin of 1246:32 -1247:08 UT. We believe that the effect of the jB y j decrease is difficult to reach the magnetotail within 1 min. Even the fast-mode propagation takes 1.5-2 min. Furthermore, a change in the global magnetotail configuration due to the jB y j decrease is sure to take much longer, because the jB y j decrease should be convected at a solar wind speed and in fact reached Cluster at X $ À5 R E at as late as $1250 UT, $3 min after the auroral onset. From a viewpoint of timing analysis shown above, we conclude that the jB y j decrease is unlikely a trigger of the examined substorm.
Summary and Conclusions
[31] We examined the substorm expansion triggered <2 min after the time when a solar wind discontinuity accompanied by a P d increase impinged on the dayside magnetopause, using multipoint observations of SIs and substorm activity. GOES 10 and 12 on the dawn side and THEMIS B on the dusk side observed SIs at 1245:50, 1245:53, and 1246:50 UT, respectively. GOES 11 on the dawn side at night observed an SI near 1246:30 UT, 20 s earlier than THEMIS B in the dayside magnetosphere. The SI front was 42°inclined toward dusk, propagating with the speed of 850 km/s. Aurora expansion onset was in a window of 1246:32 -1247:08 UT, followed by poleward and azimuthal expansion. LANL 1989-046 at $0248 MLT and 1994-084 at $0936 MLT saw dispersed electron injection. The analysis of the dispersed injection showed that injection onset MLT was $0112 MLT. The geomagnetic field data obtained at high latitudes on the night side show negative bays in the H component, which were maximized near 0136 MLT. Our estimates and 2-D calculations demonstrated that the SI front can reach the substorm expansion onset site (i.e., dawnside near-Earth plasma sheet) at the onset time. The magnetotail was not yet compressed at the onset time. We suggest that the substorm expansion was triggered by the arrival of the SI front propagating from the dayside magnetopause, and not triggered by the disturbances generated by the motion of the flank magnetopause. The inductive dawnward electric field on the SI front is a possible trigger of the substorm.
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